aoe nM IS, Rambow Ss , Repeater 
REC RCGSELD Ne Daren rt? ar ey ORNS warts None 
Peat eee s SORE SHR Ne hen ee Mises ‘aedier tes anne, M 


Yar 


< 
aay 


wen 
oe 
‘Armen a 
Sparro So anee 
. Sat 


Te yal inc 
oe ag ee 
het 


le 


ne 


. As i 
ae 
Mig 


7 
tes 


Digitized by the Internet Archive 
in 2015 


httos://archive.org/details/externalinhibitiOOpenn 


ESTeRshi. DECLEITION OF THe GOROITICNSD EYELID REFLEX 
Feary futten Pennypacker, Jr. 


Department of Percholosy 
Duke “niversity 


Rate: “/- 19 - (C oe 


Approved: 


& dissertation 


submitted in partial fulfillment ef the requirements 
for the degree of Dector of albaeecier 
im the Department of Feyeholosy 
in the Oretuate Scheel of 
Avts and Selences 
ef 
Duke Thiversity 


1962 


rir 187 a's WS 


eP) gee et “lead” eee: 


ms ‘5 oe : ” 
Whaat ein’ SS 


(Peyehology-Cenereal) 


Saree Pees se PEE pe cIEr ey Pee Sry 
FESIBTTIOn CF THE COSRITZE 


oy 


Henry Sutton Pennypacker, Jr's 


Denartuent of Parchclegy 
Duke University 


4n gbetract of « dissertation submitted in partial 
Polfilinent of the requirements fer the decree 
ef Ceeter ef Prileogarby in ths Department of 
Pevenciogy in the Oraduate Schesi ef Arts 
end Seiences of Duke University 


1962 


ae 
- > 
e ro 7 ri ; : b 
2 


Cidbeuree -ggatonirg® an 
DOS A OUR Tere ay w RA ae % | 


: om tanh 
; 7 4 . ue 
’ 


- - Ty: > - aa) ta 
oe oar ela” eonagil 7 = “ie 


cn torte? ap Seat - , ° © 
ween GO7,e I - ee : 


=? 
y 
< 


“he 


EXTERNAL ISRIRITICN OF TRE CONDITIONED EYELID NAPLES 


Fenmy Subten Fenmepacker, Jt. 


The phenomenon ef extersai Inhibitien hes t¢ a large extent been 
overluoke’ in Aseriean research on classical concitioning with human sub- 
Sects, Several studies heave shown that the mresentation cf a novel ar ex 
tra stisolue prier to or instead of the cemiitione: stimelus will interfere 
with the production ef ecnditiened resconses, bet nome heave attereted te 
verify the favlovien eseerticn that eresenting en exirea stimuine during the 
interval of delay will similarly inhibit eonditienins. The present steady 
is an abtexpt net onl te verify this conjecture, but alse te exaudnme the 
effects of price training and newelty of the extra stisulue on the amount 
ef inhibition se produces. Finally, an atteapt is made to cenfirm the Fav 
levien setion thet an extra stimelus which acts as an inhibiter curing ae- 
quisition will act as a disinhibiter if presented during extineticn. 7 

Sizty subjects sere administersd 65 eyelid comlitioning trials in 
which a rec licht anpeared and mae follewed in 1.0 see. by a puff of air te 
the richt eye. Theme subjects were divided inte three sreure acserding te 
whether they received one, two, or three additional trials in which. the om 
eet of the tone preceded the delivery of the airmeff br .40 sec. The greup 
whieh received only ofe auch trie] received it after 6&0 trainins trials; 
the sroupr which reesived tun received the first affer 3 trainings trials 
and the second after an sdditionesl 30; the third srour reeeived their first 
tene trial sfter 15 training trials, their second after another 15, and 

(414) 
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theiy third «fter still another 350, £11 groure were treated alike in ex 
tinction which consisted ef three nemreinforted presentetiens of the CS fol- 
lowed by five nomreinforeed presentations ef the C2 together with the tone 
im the same temporal relation as before, 

The resulte atrengly confirmed the exnectation that the tone pre- 
sented during the interval of delay would inhibit the oreduetion of eendi~ 
tioned responses ip ite presence, “hile the date ag analysed om the basis 
of gronpe abowed mo clear effect ef orier training en the ameunt of inhibi 
Sion sreduced by the tone, incividea? aneiyete revealed that subjeete whe 
exeesded the median number of tetel comiitionad resperses gers mora Diels 
to respond in tre presence of the tone, 

Suggestive evidence for a disinhibition effect wes found in the ex- 
tinction dats, bet the absenes of oreper combrois mazes its accentence some 
phat tenuous, 

Viewed in aceverate, the reguite tend te confirm the existence of 


externas] inbibitien ae = phenomenon amenable te isheratery investigation 


ut gre encouraging of efforts te further define its relationshic te the 


other variebies cf clessical eenditiening, 
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INTHOQUGTION 


One of the moet baste rhenomeme siudied by Paviey in his pioneering 
and definitive researches on conditioned reflexes is that of indirect or 
external inhitdtion: the process br ghich perveptien of a new er vrusual 
stimilus diemrts cr suppresses ongoing vreflex activity. In slmest all 
eases, this disruntion ia thought to be ococeasiened by the eveeation ef a 


ting investigatory reflex by the nevel stimulus. In emer to serve 


a 


as at extermal inhibiter, therefere, it seems very prebable that a stimidus 
must have the capacity of svoking an extraneous or orienting reflex. 

Faviov went on to snecify in some cetall the variety ef effeets 
preduced by the presentation ef an external iniiblter and disevesec the 
eenditions under whieh such effects were found te eceur, He found, fer 
emseple, thet the extent ef inhibition of « velleestablished cenditiened 
reflex varied direetiy with the intensity ef the external inhibiter, Te 
further shewed that if the intensity ef the exterral inhibiter was held 
gonstant, then the decree to which a conditioned reflex was inhibited varied 


inversely sith the streneth ef the reflex ag inferred from the pumber of 


ip 


ead 


<u ey aeege 


Oe ee aR a to Sevan Sieh tata Pe oan Dae et 
‘ath tp take “bee Supe? ah -teate tee: aorepsitearenn ay sehagepabange ep 
ees? we ese gly ede ‘ve ‘ee es i a eRe: ——, 


7 


Rr ee ag ee Katmai il aes, set treed thee 
anahOS) ge Bart by mance I ge quaymm >¢ lai CRP a: Lasrendett sew 9 


eS A Ro Gt FETE 


hag Sp a ere ee ee Sth, vehonee se ee ds 
O26 ORNL Jen wink ARI. Dyrwelien FeiP “*a tel talvoanwiay spl ae : 
, SY) stnnsive it, tucme at tuo} ered aR a, Saye ial weet gil a? ae 
| VS 2ee ter RGE Ea Sy Sapien coe gee gg 
RARE IER, dgpsomteh: ele Ye aR vam ahd Ree 06 OR agra hy Labone settee 
i ee eee ee eee lamin, 8 TL Ges annie mellem 
STO HORE rite otal ae | gpm: are alta ci ARS ne, ete i pe aa a stondgaes 
i ee Se eee ee 


hota eae a 


eek Sealee wit oat ama, i 


times ite elicitation had been reinferced, 

Undeubtedly of grenter theoretical eignificance wea Paviev's dis- 
eovery that the presentation ef gh external inbibiter cid net always lead 
te Inhibition of an existing conditioned reflex, Sut thet in seme esses the 
vefles wae strengthened. Fe found thie te be the case when the reflex in 
guestion was being subieetec te seme other form of innibition at the time 
the external inhibiter was presented. ‘Thus, for example, im the case of a 
well established reflex, presenting a novel etimulue early in the interval 
ef Geley often elicited the reflex which ordinarily should set have oceurred 
until a peint in time sere nearly eclmeident with the uneenditioned sthimuius. 
Pavlov sugcested that enck an elicitation of the eonditicned reflex was due 
te inhibition by the extermal inbibiter of internal inbibitien of Gelay, the 
tern used te deseribe the withheiding ef a conditioned response until rein- 


foredment is imminent, fueh inhibition ef inhibition Pavlew called cisinhi- 


bition. He went on to show that this teo depenés for its effect upon the 
Sntensity of the external inhibitor and the amcunt of Inhibition present te 
be diginhibited hich In turn devenda aeain uren such things as the pusber 
ef srevieus reinforcements. 

These relationshive gre tleariy exemplified in the Pollowine experi~ 
ment condéueted in Pavier's laboratory. A conditioned salivary reflex had 
been cetablished in a der using tectual stisulation of the skin as a Co and 
acid se a TCS. After a congidersble number cf reinfereements the C2 €is- 
played the typicel pattern ef failing te ceeur until tevard the end of the 
C&H%CS Intervel, In Pavlovian terms, this meant that early im the interval 
the response was held in check by inhibition of delay. Presenting weak oder 
ef eampher together with the Co had no effect on the courss ef the Of; it 


was initially inhibited, then eveked, fresenting thersel atiauliation at 
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& 
50° €, again in eonjunctien vith the CS, interrupted the primary inhibitory 
nhese of the reflex end the animal selivated throughout the presentation of 
the two stinvli, oth the inhibitery phase and the Inter excitatery phase 
were dlerupted hen a ebistie use blewn during the preseptation of the GD; 
the @iral salivated early in the intervel bet the flew decreased as the 
UCe agrronched, Finally, wher = lowl whistle was blew, no conditioned 
response et ail was made during the interval ef delay. 

Gther tepas of internal inhibition cen similarly be disinhibited br 
the presentation ef an evtermal inhibiter. ‘orecver, it fellews that the 
sane external inhibiter can om one cecasicn in an experiment inbibit a con- 
aitioned reflex theuch it facilitates the eceurrence of the reflex en another 
eecasion, Thus, Pavlov erites, “We have seen that the very same extra 
etimili, which, cher they eveke strong evirgneots reflexes, preduce external 
inhibition of the positive conditioned reflexes, rreduce, when their effeet 
is weak from the start or weakened by repetition, aleinkibition of the con 
Gitioned reflexes which vere made te underce extinction," {Faviev, 1927, 
ye 87.) 

The foregoing statement bas, to the auther's inewledse, heen verified 
enly once im the American cenditionine literature. BH, A. Yenger, in 1936, 
sonditioned the (°Ra of human evbjects te a reé lieht, using a shock te the 
sole of the right feet as reinforcement. Twiee during acquisition, he pre- 
sented tactseal vibration to the subject's Icft band; he then recoried the 
eaplitude of the S82 matdie te the next presentation ef the light CS and found 
im ench ease that it was smaller than the reeponse asde te a nenreinforced 
OS rresented immediately sricr te the inkibiter, After extinguishing the 
respense te its level rricr to reinfercement, he avgin edminisiered the 


tectue] vibration and observed an inerement in the GSS sede te the inmedi~ 
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ately sueesstine cresentetion of the Gh, fenger ha divideé his subjects 
ante teo groupe which differsd aeceording to the iatensity eof the tactual 
vibration presented and feunc,.as Pavlev would have predicted, an increase 
in both the inhibitery ané disinhibitery effects asscciated waSh the nore 
intense external inhibiter. 

Effects Like those «f external inhibitien can be founcg eleeehere in 
the irertonts conditioning literature. fefert and Zieble ([195¢) concered 
eyelid gonditienine with and without « ready sional, the labter being a 
bugger of 1.0 sec. curation terminating 2, 3, or 4 set, prior to the onset 
of tae 0S, They found acquisition Impaired In the presence of the reaiey 
eivnel. Mekliieter and HeAllister (1960) were able to replicate these find- 
ings using the word "reads" instead of a beeser and Chapman (1962) bas ox 
tended beth sete of resulte by showing that the degree of ispairment of 
conditioning varies inversely with the proximity of the ready signal te the 
onset of the CS. A regeenable interrretsticn of these fingéings seule sup 
gest simply thet the orienting reflex, er traces of it, made te the reacy 
signal is, at the onset of the Ci, activating parte of the subject's nervous 
system necessary te conditicnings es this sctivetion is given time te die 
away, the remiting interference is diminished, In addition, Pufert and * 
Rinble present evidence whieh would suggest that the orienting reflex te the 
reatiy slemeal diminishes In intensity, ami henee in inkibiters canaciiz, with 
repeated ellieitetions; the crestest differences in exeeteriennin ‘amos their 
eroups eceur carly in training. 

Tt wilh. be Hotieed thet both the “enger experiment ané these just 
Siseussed differ from the Tavlevien experiments cited earlier in ome impor 
tant theoretical detail: Yaviev applie? his external inhibitere during the 


presentation of the CS and therefore, secerding te him, et a time vhen ex 
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titeatory or inkibitery stetes uncer the eentrel of the GS were in effect. 
The other invecticaters mentiorsx errijed external inhibitera et times when 
the Cf was net vresent, though it is pessible, particularily in the ease of 
the Yenger experivnent, to assert thet lingering exmitetory and inhibitory 
effects, develored In the rresenmne of the Ch, vere effected by the extra 
stincii, 

A few American investientors have actially presented external inhibi- 
tere during the operation of the Cf (Redick, 1937; Spence and Bangeist, 


1958), but theeea investigations have invariably been concerned with the na- 


od 


ture of the response made te the external inhinitor, usually a very weak 
stimnlus uged ae a prebe, mther then with the effeet of the extra stisnius 
upon the primary refles, 

with respect te disinhibition, Eisble (1961) has reeently reported 
observing guch « phenomenon onder conditions where see form of internal In- 
hibition associated with the Ch ray have been assumed te be operating, In 
this ingtence, hewever, the privary inhibition wes cbservec as a diminution 
of the unconéitioned reflex: presenting an external inhibiter during the 
interval ef delay served in some tases to vesters the seplituce of the une 
concitioned reflex, Since west invertisntore of the phenomenon of Ci-cor- 
trolled inhibition of the unconditioned reflex feel that 14 is e result of 
inhibition of delay (Huralev, 1960; Kimble and Ost, 196); Pennrracker and 
Kimmel, 1961), Rirble's date may well represent the Pirst American demon 
stration of disinhibition of inhibition ef delay, at least where human sub- 
Jects are invelved, 

Fingliv, in « preliminary study in this laberstory, It eas found 
thet a novel visual stimulus, presented instead of the ugual visual O° after 


18, 3%, and &0 reinforcements, inhibited the conditioned ereblins and that 
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the degree of inhibition varies inversely with the number of prior reinferce- 
sents. In contrast to “enser's findings, however, wae the suggestion that 
the prepentation of the newel stisvius during acquisition was fellored by a 
period of heightened exeltetion, a phenomenon Inbeled induction by Pavlev. 
Unfortunately, all subjects tn this experiment were administered the thres 
trisis involving the nevel stimnivus hence ne controls were available arainst 
whieh te ageese the presence ami amount ef such an induetive effect. 

The sition study we designed in an effert to correct this falling 
ag well as to verify the inhibiting prcrerties ef a novel stimulus presented 
with, rather than ineteed of, the comiitiened stimulus, Since the priaarr 
interest wae in an inbibitery rather then a disinhibiterr effect, 14 was de~ 
elded that the externa] inhibiter shenlé be presented during the second, 
ustally excitatory, phase of the interval of delay rather than tbhrougheut 
the interval as Tavlov had done, This rmrocedure Bat ales adopbedc with the 
expectation thal as a result of inhibitine the exelitetery phase im this man- 
ner, inbibitien ef the COR might alse be obeerved, Fireally, to mibstantiate 
Favlov's anc “engerts asseriation that the aame extra stimidus whieh serves 
as an inhibiter dering aequisitien will, ix the presence of Inhibition ae~ 
quired as a result of experimental extinction, act ae a disinhiblter, a 
series of post-extinetion trisls wes administered with the extra stimins 


addei ac it had been during acquisition, 
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Subisets, The subjects were Duke Colvernity usergradunte students 


who pariieipated woiltuntarily in erder te felflll « rart of the lgberatery 
requirement of en introduetery peyehelocy course ic ehich they were enrclisc, 
fone hed had previous experiente In an evyelic eondifiiening situation. 


Usable data vere collected from GO of the 77 subjects who rartici~ 


pated. Fine of the reweginine sunbiseis vere clsearded an voluntary rescen 
éers, & failed te preduee at least 5 conditioned resronses during the ac- 
qeisitien peried, an’ an exeeedingly hich resting blink rate wade the revords 
af the vemeinice two unreadable. 

The subfects vere assigned serially in order of their arrearance at 
the Isheratery te one of three eronups, éitfering onivy with reereet toe the 
number ef sequisition trials administered with the external inbibiter pres- 
ent. Tha arsignrent of subjecte te sroups weac parbislly restricted in erter 
thet each group of 20 eubjeets would firally be eorresed of 14 sales ani 6 
femsiee, approximately the ratio of the sexes in the rarent pordlaticn. 
vatus, The subject was confertably seated aleme in a well- 
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lighted, soumli-ceadene? enbiele whese internel cimensiens were £4" x 36" 

ew 22". tTemediately in front of the avbject was a table-like skelf upon 
which he coold rest his bends ani forearms, Communication between the sub- 
Jeet anc the esperimenter was aveilsble, when needed, through an intercom 
muniestion system. 

Treewtheuwt the precedure, the subject sore a heedplece te which was 
attached the air delivery tube and a sieroterque rotenticmeter. The arn 
eo? the istter was commected by moans of » light eotten thread te a false 
aloninum eyelesh which wae taped te the eubfect's right eyelid; soverents 
ef the eyelid were thus mechanically transformed inte sevenents of the ro- 
tentionster ars, These mevemerts were relayed te a Grass Nodel 5f DC Driver 
Seplifier throuch a 22)v. balanesd connecting clreuit designed and supplied 
hy the Grasse Instrument Company. The output of the Eriver Aeplifier we 
inkerecerded on one channel of « Grase Zodel § polyrrarh at « paper speed 
ef 30 oe. per sec, Teo eventemerkine pete were employed; ome recorded the 
enset of the conditioned stimulus arm! the eeseantion ef the unconditicned 
stimulus while the ether merked the onset and cessation eniy of the uncon 
Gitioned stimulcs, The chert drive wae started canually aprroximately 3 
gec, before the oneet of the conditioned stimilus anc allowed te run until 
arprevinetely 3 sec. after the delivery of the unconditioned stimlus. 

The uneenditioned stimulus, s puff of air, was celivered through a 
3/64 ineh sperature te the temroral corner ef the eubject's right eye from 
a distemce of ehout one-half inch. The intensity of the air puff sas mein 
tained at the enuivalent of 120 mm, of mercury a5 messursé by a gatige and 
was contrelled by a system of valves leading from a tank of ery ecoxpressed 
air. The deration of the air puff wes .10 cece, and was controellec by tke 


aetion of a solenoid valve. 
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The conditioned stimulus wes a cirevlar red light, 12 inches in di- 
sueter, produced by « Craset-Siedler Sedel E 4580 multiple stimulne pre 
jester and mounted equicistent fron either side at a height of FO inches 
in the eubicle wall facing the subject, The extra stinulus, or external 
inkibiter, was « 1605 eps tome delivered at an intensity of apprexisately 
70 @ecibels (me; .como dynes /en,*) BY an RoR Beat Frequency Oselliater 
Hedel 154 through a 3) inch ereaker mounted in the wall ef the cubicle te 
the subject's left, 

All stimulus durations snd interstimilus intervals eere controlled 
by GrasomStacler electrenie interval timers, Trials were presented in a 
repeating sequence of 2%_, 15+, 20+, 28, 12-, 2%, and lJ-sec, by acane of 
a Cerbranie tape mregrammer whose action after the errropriate interval au~ 
tomaticaliy initdated the sequence of events defining = trial. 


Yhen the esebjeet arrived at the Ighoratery, he ms ied 


Procedure. 


inte the cubicle and seated in a cushioned, reclining office-tyre chair with 
@ padded headrest. He wae teld to lean back as far ae he could in the chair 
anc use the foot reat nrevided Tor his feet. fre experimenter then becan 
renting aloud the inetruetions (see Appendix A}, pausing at the aprrerriate 
point te affix the hesiépiece and false evelash exc adjust the alr celivery 
tube, The intent of the instrucbions wae teefold: to gequsint the subject 
with the genersi procedure withent revealing te him its purpose, an second, 
to inhibit the production of woluntary resconees by introducing a set te 
*regpond meturally,." After eliciting ari smewering any questions, the ex 
perinenter left the aubicle and clesed the deer, 

All subjects first received tec teinls with the conditioned stim 
iue alone follewei by three teigis with the uneonditiouned etimiius alone, 


This was dene to fanilierise the subject with the etisuli he sas to encounter 
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and to rrevice a ueasure of responsivity te these stimali prier te condi- 
tioning, faired conditioning trisis vere ther presented with the onset of 
the eomlitioned stimulus (C¢) preceding the oneat of the uneonditicned stim 
vine (008) by 1.0 sec,g the duration ef the & was 1.0 see. se that its ter- 
gination was coineldent with the onset of the VCS. in trials involving the 
tene as an exiva etisclus, the onset =f the CS preceded thet of the tone by 
«5 g6C., beth stimell terminating tegether, 411 suek triele were reinforced 
during acquisition te prevent the development of diserinination and te per 
wit ebservation of the effects, if any, of the external inhibiter unen the 
UCL» 

Depending upon the experiuental conéiticn te whieh he vas acsigned, 


*% 


the subjeei received 15, 3°, or 60 euch trials before receiving bis firet 


eyes 


trisl with the external inhibiter sresent, OCrour I reeeived 60 OF-UC5 
trials, 1 trial with the external inhibitor, smd five mere OS-UGF tiriale. 
Greup FI received 30 Ce-IUS trigis, an externgi inhibiter trial, 30 sere 
eS-CCS trisis, then ancther external inhibiter triel followed by five Cs 
Ce trials, Greup IIT subjects received their firet external inhibiter 
trie] after 15 CS-U08 triesls, their second after the 30th G¢-UGS trial, 
and a third after the 60th C&-UCf trial, apein fellewed by five finegl Co- 


TIS triels. Thus, provision was made te eomrare subjects! perferzance fol~ 
lewing presentation of the extercal inhibiter efter 15 and/or K reinforce 
ments with the performance of suidects she hac not vel experienced the ex 
ternal, inhibiter, 

81) subjects were treated alike in extinction. Three extinction 
trials invelying only the C: were sdeinietered, feliowec by five non-reinm 
forced trigie in which the tone was added te the Cf ae it had beer in ac- 


quisition, This procedure was carried out with 57 subjects, 19 frem sach 
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group, The first eubjest run in each conditien wae administered 10 straight 
extinction trials: subsequent addition ef the tone preduced ne change in 
what wee tyeiecel extinction beravier, This gueczepted that fewer nonm-rein- 
forced presentations of the 2 would be neecasary to srevent the cevelep 
nent of so muck extinetive inhibition that ne effects of the externsil in- 


hibiter could be observed. 
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RESULTS 


hil dete were derived frow pessurem 


nis ant Judementa mece fres the 
intevwrittes reeerde, “he records were evalugted with the aid of e trans- 
rarent template; decisions ecneerning questionable voluctary responses were 
made with the acsictance of enether exmerimenter who =as experienced in 
rending these recerds, 


Definition of the dependent variable. A concitionec resperse was 


define? as amy deflection from a atable baseline im the direction of clasure 
that 1} was greater than or equal to 1 mm., 2) ceeurred at least 600 usee, 
after the onset of the C&, amd 3) did not return te the baseline prier to 
the onset of the UGS, The first tes of thease srecifiestions are, with minor 
veriatione, in rather widespread use. Phe third, however, requires special 
justifieation, 

T& ig well knewn thet the presentation ef virtwelly any sunretices- 
hold newel stimulus will evoke an orienting reflex on the part of a human 


os 


@ebiect and that one component of thie reflex is an eyeblink, Since, as 


Grant and Sopris (1946) and ethers bave shown, the lateney ef sueh a reflex 


(13) 


ele, ae) sone ptacRt, wae oxtrmart etinane we Nop mad. webae . aschinls | Biase 
onarne fs nw wee ait saan net nes « aeereie' of). ators aa 
eee pales reste * Ry AN J Stoic laity “REY itoetbaditagy past Pi Er gay 


. shy sane a agg ae seh hl mop walinane he i a neigh Te * 


sien a ants 


‘tails wena yet ela EO. B. - 


ere ee ee ae ebb xt ‘lame ea ta 
‘90D GSE, Shan Ce wD. oo oat © wt slide om agg <9 ogg, ceanie 8 ett 
~ wile ogthwecr ode at asetoee aa: be UE Foam Be ont 
“en ae oem. jexntidas?Vkenak sae ‘Moan ali cf agin 2g sen ache oe 
pit Wee tey gwen? yOtiit aa... gaiua Catrgitatiee “eager of cutee 


<vuiiobeds tates lap i alton i ah kt coir” Chaar ait BE. 
eee @ hy Peete wet md hy Summing vale tata. Ew atu frie os 
en ee ee 
a 9 & tem tw omnguligit itd qMierocine arth ara 40 “aa (AP a ee 
| Yer) 


=. 


14 
blink may be ag much ag LO wesec,, 1b was entirely possible in the cresent 
study for reflex (or alrha) blinzs te the onset of the tone te be mistaken 
fer conditions responses on these trials in whieh the tone was intended to 
“verve ag an external inhibitor, Br requixing that @ conditioned response 
blemi with the uneenditioned response, the Likeliheed of inadvertently iIn- 
eluding alpha responses on these triele was ereatly reduesd since the dura- 
tion ef az alobe reflex is not apé te be were than 100 msce. As a check on 
the efficacy of thie preesdure, the data vere tabulated with and sithont 
uging the blemiing eriterion. On the reinforced triels that incloded the 
tene, the blending eriterion eliminated 29,42 of the responses that would 


otherwise have been classified as OXs; 1+ slimineted only 10,6) ef sueh 


responses on the other atquigition trials. Th is assumed that this ¢iffer- 


ance reflects the rresenee of slrbe reflexee te the cneet of the tone whieh 
wore aprrorriately omitted from the anaiysie., In order te ineure statistical 
comparability, however, the blending eriterion sae arplieé to all reinforced 
responses, thue waking any statistics] derenstration of external inhibitien 
fze to the rresence of the tone semewial more diffieult than Ii would have 
been bad the blending criterion enly been applied te those responses mace in 
the presence of the tene, The blending eriterion was not used in the case 
ef resvonses observed during exrtinetion, 

With the definition of the dependent variable sstablishes, it is 
proper to proceed te 2 consideration of the results of the exrerizent. For 
each group, Figure 1 shows the mean percentage of comlitioned responses in 
aeguisition Gneluding the first extinction trial) pletie? ac a fenetion of 
blocks of three triale, Performance in extinction ig eimilerly plotted trial 
by trim] fer the three trials during whieh only the CS was presented. The 


epen srpmbols in Ficure 1 represent rerfermance of tae varicus groups om the 


Figure 1. Kean percentage of gonditioned responses for the 
three groupe presented by bleeks of three trials de acouisition 
amc trie] by trial in exviinetion, 
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16 
trialea which Ineluced the external inkibiter, Inspection ef the figure 
clearly indiestes thet a large cecrezent In verformance resulted from cresen~ 
tation of the external imhibiter, but that the amount ef deeresent is not 
greatly affected either by the mamber of prior reinfercexenta or by th 
number of prior presentations of the external inhibiter iteelf. Statistical 
teste ef all possible differences among these paints confire the latter in 
preselon, 

The decrement which securrad in the presence of the externel tnhihi- 
ior was evaluated fer eseh group seperately by means of the Cochran 6 test 
(Sfepel, 1995); this technique sim ltiancevely compared esch subject's per 
fermence on the externe] inhibiter trial with his perfermance on each of 
the three iomedietely preceding trisis, Sisilar snalysee were rerfermed on 
the podled data ef Groups IT and TIT fellewing 30 CS-UCS trisie sné on the 
data ef all three groupe fellewing G0 CS-UCS trisis. ‘The results of these 
analyses, presented In Table 1, demenetrate that the cecrement in rerformanes 
fue te the presentation ef the extermal inhibiter is etatiaticaliy reliable 
in every conse, 

Although esnalyeis of the groups’ rerfermance on the exhernal inbibi~ 
tor trials revegis no differences which can be relisbly attributed te dif 
ferential babit atrencth as inferred from the mumber of prior reinforcements, 
examination of the data for indivituel subjects prevides evidence of a strong 
inverse relationship between the effectiveness of the tone as an Inhibiter 
anc the level of conditiening, The Gistributiern of tetal number of condi~ 

ioned responses produced in acquisition wae Cichetomiaed et the median: « 
2x2 frequency table relating this Iimiex of resrenac strength te whether or 
not = coenlitioned response me matie on any of the external inhibitor trials 


ie presented in Table 2. The Gegree of seeocintion exhibitec br this table 
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Fable 1 


Cochran @ Tests of Effeet of Tone on Cemlitioning 
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fable 2 


Reletionerin Between Total Cenditioned Resconses 
anc Effect of the Inhioiter 


Dié nel respond 
R presence of tone 


Relow median number 
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Was evaluated by teans of Pigher's emet test which yielded « probability 
value of .035%, Thus, support fe provided fer the Pavlovign cententicn 
‘that the effect of an extra etinelus tresented deine the interval of delar 
will he a Punetion of the etreneth of the cenditioned respense being de 
layed, specifically that a strane CH is hacer te disrupt in thie war than 
& Beak one. 
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Pigure 2 is s series ef tracings smewing the variety of effects pro~ 
@ueed by the introduction ef the tome et the eidroint of the interval of 
@eley, Altheugh total inhibition of the CR cceurved in £3.37 of the trisls 
in whieh the tone wae rresented, it ig of interest te emeine some of the 
eharscteriatics of the responses made om the rewsining 14.75. It sieht be, 
fer emmrle, that, ever if the tone were not comrietely effeetive as an in+ 
hibiter, partial effectiveness would gerve te lengthen the jateney of 
sendstiones respense an shown in the top panel of Figure 2. Une might alse 
suppose thet in « few eases the tone would enerate ac a cisinbibiteor, re- 
mowlne the Inhibition of delay thereby decressing the letemey of the condi- 
fienec reenponse, fuck an effect ie shown in the hettem panel of Pigmre 2, 
in order te see if either or beth «ef these effects occurred with 
any rerilerity in these esses where the tome failed te blaek eosmletely the 
production ef a ecomiticnsd resnense, response latencies were racemic for 
each subjeet on the lest trial om which the external inhibiter credeced a 
GX, Theee, together with the latencies of the tve immediately orior and 
two immetistely subsequent conditioned responses, are presented in Table 3. 
Tt Gen be seen fros Table 3 thet intreductic: of the tene bee no 
particular effect on the mean letener of either the responses made tc the 
tene or those made immediately after ite cresentaticn. There is, however, 


& significant imeresse in variability of these Igtencies; F-ratios vere 


Figure 2. Traeings of atteal recorde showing the effects ef 
the tone on verious eyelid reflexes. 


EFFECTS OF AN EXTERNAL INHIBITOR 
ON VARIOUS EYELID REFLEXES: 


TRIAL n TRIAL n+l 


CR PARTIALLY INHIBITED 
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CR TOTALLY INHIBITED 
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CR TOTALLY INHIBITED; 
UCR PARTIALLY INHIBITED 
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VOLUNTARY INHIBITED; 
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CR DISINHIBITED 
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Table 3 
Latencies in Seconds of Conditioned Responses 


Prior to Tone, In the Presence ef Tone, 
and Following Tone 


: - A Ee EE ANE ED ES INA Ce 


2nd CR prior ist CR prior CR during ist CR and CR 
SF to tone to tone tone after tone after tone 
24 «92 92 re 62 86 
33 Py i) «38 92 32 69 
41 79 ~t6 1.02 36 Re 
43 96 - 1.02 63 36 1.02 
48 92 1.06 1.06 59 69 
20 89 89 1.02 1.60 63 
35 ats Peay 3 66 63 1.60 
35 Paris) «S3 ‘69 whe 96 
4 78 33 Oo 56 1.06 
44 73 oe de) 233 -76 2% 
5¢ 89 .89 .59 .76 79 
35 30 96 «t? 79 1.02 
19 1.62 33 1.06 39 1.06 
32 86 1.02 39 «56 209 
42 36 63 1.4 39 G3 
Mean | 85 -o7 2oo Re es 282 
o@ 006 -013 023 .014 .029 


formed between the variance of the latencies obtained on the trials with the 
external inhibitor and the pooled variance of the latencies of the two pre- 
vious conditioned responses (F = 2.467, df = 29/14, p ¢.025) and between the 
pooled variance of the two subsequent conditioned responses and the pooled 
variance orf the twe previous conditioned responses (F = 2.253, df = 23/29, 
p<¢.05). The comparison involving the latencies of the CRs obtained in the 
presence of the external inhibitor and those of the two subsequent conditioned 
responses failed to reach significance (F<1.00). Thus we have evidence that, 
in these subjects at least, if the external inhibitor fails to produce totai 
inhibition of the CR, it may alter the latency not only of the conditioned 
response produced in its immediate presence, but of subsequent conditioned 


responses as well. 
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Extinction Gotu. Table 4 presents the number of conditioned rearcness 


made by each of the three groups on the eight extinction trials. It will 
Table £ 


Performance in Exbinetion oy Trials fer the Three Grouns 


c® alone GS plus tone 
in = 60) | (m= 87) 
Extinction trisl_ 12 3 | 2 a a: 
Group I 12 & 2 2 z 


ce 
es 
wt 


froup TI % 866 7 | & 
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be Pecalles that the date in the last 5 columme are based on 47 subjecte 
sinee the first evbject ron im each croup wis administered 10 streicht ex 


tinetion triaie. For the 57 eubfects whe received three ronreinforeed 


gresentetions of the C2 Pollovec bv five nomreinforesd presentations ef the 
CS riage the tens, performance in the leet straight extinctien trial is, fer 


~ 


comparative purposes, presented with rerforrence an the 3 Cf plus tone tri- 
aie in Figure 3, & groure = trisle analvele of variance of performance on 
these fTinel five triale appesre im Table 4, 

One notes in ememining Table 5 thet a nearly eignifieant difference 
in perfernanes ceeurred ae a fimetien of the number of times the tone had 
heen presented and reinforesd curinc accuisition: the moan number of Cos por 
subjeet in Groups T, 17, and TTT was «25, 1.26, and 1.47, respectively. 
Thie trend sugrests that attempting to avoid the formation of discrimination 
during aequisition by reinforcing all presemtations of the tene may have ied 


te somerint different levels of cenditioning te the tone fer the three 


greupa: indireet evidence thet a diserivination sicht indeed have been 


Figure 3, ember of conditioned reerponses eresenteld trial by 
trig] for the Iset eis: exiinetion trisis, 
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Table & 


Analyeis of Variance of Conditioned Responses 
fete to Tene Ie Exbineticn 
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formed hed the tene net been reinferted thouch it was presented at most 
eniy three times, 


fne@ weet intereating feature of Tahle §&, hewever, is avidente fer 


the reliability of the quadratic reletionghio derieted in Figure 3, The 


upeerc extension of the curve ever the iast threes trials apreare to confien 
*enger's Pinding thet an external inhibiter in sequisitien ¥ill, if rresented 
éuring extinction, assume disinhibitery capseities, Tt eust be ACEEL, bow 
ever, that these reaulte are only suggestive heeause of the absence of neces- 
sary contrels arainst whieh ta aseese ihe effect of further ordinary es- 


tinetion triels end the extent te whieh there are [its te the tone slone. 
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BISCUSSICE 


The prinsiral reanlt of thie study was its conf irnation in omen 
eveblink sencitioninge of the ezistence of a thenemencn of basie inportence 
iz classical conditiening: external inhibition, fnecifieelly, it has been 
shown that the intreévetion of sn extra stimulus during thet perticn of the 
interval of delay which is cemmeniy thoucht to te exeitatery "ill inhibit 
the rroduetion of « conditioned response, 

The Favlevian explanation fer external inhibitien is thet a novel 
atisulus evokec an orienting reaction and that thie reaction obliterates 
the conditiensd wespense, The data sunrert euch an interpretation indirect 
le. It ill be reeslied that 39.4% of the rearenses mace in the presence 
of the tone during aequisition sere net censidered in the analysis because 
they did net blend with the TOR ehereas only 10.4 ef the responses meade in 
the absence cf the tone were sinilerly eliminated, Inspection of the recorés 
indicstes that the vaet miorlts of the former were srehablir orienting te- 
Plexesy thers seccurred with aopropriate latency anc sere nmandy ef brief 
turation. In considering cages in which the tene failed te elicit an ori- 


(24) 
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25 
enting blink bot did inbibit the creduation of ¢ conditioned resronse, it 
should be recognised that the blink reflex is creteblir only a varé of the 
orienting rerles am perkaps not the essential pert for the eceurrence of 
external inhibition, Therefore, failure of the reflex blink te occur te 
al? vresertetions ef the tone cannot be taken as evidence that the orient- 
ing renoticn aleo felled te eceur. 

The present demonstration of the suseentibility ef the conditioned 
human eyeblink to external inhibition and, tentatively, dieinhibition, af- 
fords us the onpertunity to verify at the hewan level the fevlevisn imelica- 
tions of these phenomena, An cbvieus next ster, for example, sould involve 
manircletinge the intensity of the external inhibiter te see if the amount ef 
external inhibition preduced dees vary directiy with ths intensity ef the 
extra stimulus: the reanits of cur trelicinary sindy compared with those of 
the main etudy predict euch an enteose since less inhibiticn sus observed in 
the presence of a visuel siimulus than in the presence of « more novel audi-~ 
GOPY ORG. 

The FPavlevien investiceters often used vwarleticns in the anoun’ of 
external inbibitien preduced by a standard extra siimulue te make inferences 
about the emount of exeitaiion present at the time of application of the ex 
ternal inkibiter, te should new he able similarly to investigate the hy 
rethesised grewih of excitation during the interval of delay by presenting 
tones at varicue pointe im eueh an interval and neting the ameunt of inhibi- 
tien preduced, This orocedure sicht alsc she€ Light on the role of the ori- 
entinge reflex to the onset of the extra stimulus in the precuetion ef e=- 
ternal inhibition: if extermal inhibition ie nething sere than a reavlt of 
the orientizs reflex and tts vefractery veriod, extra stinvli cresentec early 


in the delay intervel should bave less ef an inhibitery effect than these 
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presented inter. The possibility exists, sereever, that an extra stinclu 
presentea at a point in the interval teo Iste te effect the anticingtiery C2 
would keve an inhibitory effeet on the UCR, The present study yielded no 
evidence thet « tone presented half-way throvgk the interval generally had 
any such effect on the OCR, bet the effect ms ebserved in isclated instanees 
{see Figure 3, third panel), 

The results of the present stuliy failed to confirm the oaxpected 
presence of an induction effeet in trials immediately fellewing the presente~ 
tion of the external inhibiter (see Figure a Sinee the orelininary study 
whieh sugcested the likelibeec ef an inductive effect €iffered from the 
present one in that the externs] inhibitor was a) visuai and b) presented 
inatess of the CS rather than In cenjunction with 1%, it seone 2 ikely that 
one or both of these differences ie responsible for the disparity ef results, 


vant of ine 


Ye would aneume, with Pavlov, that induction varices with the as 
bitition preiueed, yet the cbeervation that external inhibliien varied in 
versely vith the number of prior reinforcements In the preliminary study 
would suggest thet that orecedure generated less Inhibition than the present 
one. & reselvtion of this paradox oust await ferther research, including 
replication of the prelininary study with rroper controls such as were in- 
eorvorated in the present desien. Tt may ture out thet reinforcement celiw 
ered in the presence of a totslly novel stiewlus tesperarily sensitises the 


subject eo that in the prelicinery experiment, we chbserved 4 peento-induetien 


1, A tetest comparing the performance of Greup TT on trial bleecks 10 
and 11 (sererated by their first exrerlence with the tone) yielded a ratio 
less than unity. Since this difference is one eof the largest to be found 
in Figure 1, either within or between groups on comrarable or adjacent trial 
blocks, ne effort was sade te preeure statistics] eupport for sither an in- 
@uetion effect er a lecally perseverstive inhibitery effeet among the other 
roints. 
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27 
effect that wae not, In fact, preceded by a creat asmunt of internal inhibi~ 
tien, fr contrast, in the present experiment, the ewlermal imbhibiter ap- 
perentiy wes net of cuffielent intensity to produce an inuuctive «ffect, 
but gines 1% mes presented in the presence of the 05, subsequent reinforce- 
gent wae prebablir not as sensitiging. Thus, 14 woule appear that the demon 
stration ef an imiuetion effect Tellewing the presentation off an external 
inbibiter during the Interval of deley avuet await the use cf a more intense 
inhibiting etinulus, 

Pimglly, 1% if advienble to reiterate and eplarce upon the cautions 
mentionec eerlier altendeant to Interpretation of the extinction results, Al-~ 
though teere ie in these resuite the etreng suggestion that the same nevel 
etimulus which serves es an extermsal inhibiter during acquisition eets as a 
divinhibiter after a certain ameunt of extinction has beer permitted te ce- 
enr, it is pessible that wheat is being consiteret as evidences for disinsibi~ 
tion mer only be the recevery of the orienting reflex. This would be inter-~ 
eating if 14 were true for it would imply that the extinction procese mot 
only invelves the develepment of inhibition of senditicned resrenses, but of 
other types ef resronees as well. Te cheek this possibility, it would bave 
been Recessary te introduce trieis invelvinge only the tene lemecicately after 
aequisition anc eovpare tne incidence of short lateney Blinks in Mat sitve- 
tion with thet in the present procedure where the tone sas introduesd in the 
comoamy of the C5 after three evtinetian trials. 

dust ag in the esse of externa] inhibition in acquisition, we ce not 
kmey the role played in disinkiblitden of extinetive inhibition by the vari-~ 
ables of stimulue Intensity and the point in the delay interval at which the 
extra stimulus is presented. Moreover, in the research reported here, the 


nusber ef extinction trials crior to the presentation of the disinhibiter 
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was held eonstent ot theee, If the masher ef such trials were canirelated, 
we sight expeet the emcunt of disinhibition te very dirsetly with the ine 
tensity ef the dlsinbibiter but inversely with tbe auzber ef srier extinc- 
tien trisis. It ia diff ierlt to augsest the manner im whieh varying the 
point in the delay interval at vbich the disinhibiter is presented would 
intemmet with these tvo variables. Fresumably, extinctive inhibition shovld 
cevelop most readily where inhibition ia already aseumen te be present, early 
in the delay interval. “eek external etionli should therefore be suecessful 
as dipinkibiters later in the interval where some residual excitation may 


yet exist after a series of extinction trials. 
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Appendix A 


ingtretions 


Tin this steiy, we are interested in the blinking reaction of your 
eye to various types of stimulation. Therefore, in arcer to cecora your 
Blinking, 24 will be meseszary for se to put this headiodeee on you and tape 
@ Little falec eyelash to your ervelid, (Penee whdle the experlmentar placed 
the hesdband ané attached the evelash,} 

At various times during the experiment, a iight will aprear in thet 
littie window, Also from tise te time, a muff ef air will bit the corner of 
your fight eye, Eow all you have to de ig relax and let your ere's reactions 
teke cure of themselves, In ether words, try te fercet about your Diinking 
aitegether. Stay alert, though, ami eencentrate on the stimuli as they a 
peesented, 

Waring the euperiment, Tf will be heleful if ror keer your ese on 
the little windows, There will be times when bhe Light will net be on very 
iene and you slebt siee it if vou are net Ieoking at it. 

Piraliy, vemethber that we are interested In sour natural reactions 


to the stimuli, sc please don’t close your eres volusterily at any Sine 


= 3 y ’ - 3° ih Saas Fe gaged = aa aye Oh oS Ptr qq, dein Se gL 
Goring the presentation of a stimniue: jue’ relax am’ Jet nature tase ita 


OCUnee. 
Tf anvthing wiusual should barpen during the experiment such as the 


eyelash coming off or the headpiece slipping dewn over vour eyes, you can 
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Aprendie B 


This appendix presents the acquisition data for each subject in 


terns of murber of C8e per block of three trials, ‘The ordinary acquisition 


trigl blecke are minbered 1, 2, we.» 22%. The single trials op shieh the tone 
= prerentes ere labeled oréinally ae Eos or I, and are ineerted at the 
approprinte point in the sequisition series; a Ci en such a trial is desig- 
tated by a+. 

The data for Group I are presexted in Table 4, these fer Grove IT in 


ayetar 


Table 7, those for Group TTT im Table ©. 
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